Transurethral prostatectomy entails resection of prostatic tissue surrounding the neck of the bladder, as far as the capsule of the gland, utilising a modified cystoscope to remove tissue and coagulate bleeding vessels. Continuous irrigation of the bladder and prostatic urethra is required to maintain visibility, remove dissected tissue and blood, and distend the operative site.
Disease conditions necessitating prostatectomy have been studied in several large series.,,2 Benign prostatic hypertrophy comprises 70070 of the total, with the remainder equally shared between bladder neck contracture and carcinoma of the prostate. Approximately 20% of men over the age of 60 years require intervention of this type, and 80% of obstructions are relieved by transurethral resection. 3 The complications of transurethral resection have been well reviewed by several authors. 4 ,5 However, sufficient time has elapsed since those reviews for a recapitulation to be timely and to draw attention to more recent contributions to knowledge in this area.
HISTORy 6 Bladder neck obstruction has been a problem from time immemorial, but transurethral resection was not regularly practised until the mid-twentieth century. Prior to this, open operation or intermittent self-catheterisation leading to uraemia, infection -and eventual death -was the option.
In 1908, Hugh Young first used the endourethral knife ('punch') to blindly remove small prostatic adenomas, and shortly thereafter it was found possible to destroy bladder papillomas with high-frequency alternating current, especially as operating and irrigating cystoscopes (Brown-Buerger) had become highly refined by then. Wire-loop resection became a practical proposition in 1926 when Maximilian Stern began using a new diathermy machine in conjunction with his own optical system. By 1943, the transurethral method had advanced sufficiently for Barnes and Nesbit to independently publish detailed instructions on its performance, and by the end of World War 11 it had become the standard approach for the benign prostate in North America. In the United Kingdom a similar situation was not obtain until the 1960s. REVIEW Due largely to the work of Harold Hopkins with perfection of the instruments, particularly the optics, and the enterprise of Karl Storz, 95 % of prostatectomies are performed transurethrally today.
THE PATIENT POPULATION The operation is almost always performed on an elderly population, and as medical treatment advances, the average patient is becoming more aged and less fit. Although a representative series quoted average patient age as 70 years,2 occasionally much younger men, quadriplegics or paraplegics with pulmonary compromise and chronic urinary infection, are seen.
Apart from the problems peculiar to the operative procedure, one must take into account the disease processes to which an aged population is prone, particularly those involving the cardiovascular and respiratory systems. Ischaemic heart disease, chronic airways obstruction, and cardiac failure are common in this age group. Co-existing renal dysfunction may complicate treatment; those with impaired renal function suffer from more lethal complications of surgery than those without. 2 In addition, the elderly may be on continuous medication for the above, or other conditions. Although most of the commonly used drugs for cardiac or respiratory disease pose no particular problems for the anaesthetist, certain medications such as aspirin and oral anticoagulants invite caution. Diabetics require the usual care.
Mortality for this operation is reported as being 2.5070 or less,I,2 attesting perhaps to anaesthetic expertise, or to the resilience of the patient. IRRIGATION Endoscopic resection requires continuous bladder irrigation with a transparent solution. Nesbit first introduced glycine for the purpose in 1948, and in that year enumerated properties he considered desirable in an irrigant. 7 1. The irrigant must be weakly ionisable to prevent dispersal of electric current. 2. It must be non-toxic either locally or when absorbed intravenously. 3. It must be able to provide the surgeon with good visibility. 4. It must be inexpensive, as large volumes are often required.
5.
It must be isosmolar and non-haemolytic. Many solutions have been suggested and used, including distilled water, glucose, urea, mannitol, sorbitol, and Cytal (a combination of mannitol and sorbitol). Currently the most popular irrigant is 1.5% glycine in water. Although this solution is not isotonic (a 2.1 % solution is isotonicB), its other properties fulfil the above criteria.
In a procedure in which venous sinuses are opened and irrigation performed under pressure, intravascular absorption may occur, the extent of which is related to four factors: 1. The hydrostatic pressure of the irrigating fluid; 2. The number and size of venous sinuses opened; 3. The duration of exposure; 4. The venous pressure at the irrigant-blood interface.
In order to mllllmise intravascular absorption, it has been suggested that a maximum allowable hydrostatic pressure is 70 cm H20, to keep the pressure below that in the venous sinuses. 9 Reductions in operating time to one hour or less have also been suggested, although cases have been reported of toxicity occurring after only 15 minutes' surgery.1O This may merely reflect the great variation in actual volumes absorbed, which may range from 237 11 to 996 ml, 12 although a figure of 20 mllmin has been suggested as average. 13 Intravascular absorption of irrigating fluid can lead to overhydration, haemolysis and bacteraemia.
OVERHYDRA TION4,9 While water intoxication has long been recognised as a complication of transurethral resection, it was not until 1973 that the syndrome was reported in a patient in whom 1.2070 glycine was used. 14 Dilutional hyponatraemia had also been noted in association with this type of surgery, when distilled water was the agent, although without untoward sequelae.
The syndrome of overhydration has been well described, and consists of a triad of signs: bradycardia; elevated systolic and diastolic blood pressure with an increased pulse pressure; cerebral agitation and depression. Cerebral signs may be variable, but generally commence with restlessness, agitation and confusion, graduating to progressive obtundation, stupor and coma. Muscle cramps, twitching, and focal or generalised convulsions may occur. 15-17 Later, dyspnoea, cyanosis, refractory hypotension, and cardiac arrest may follow. In the less florid case, hypothermia, weight gain, and a postoperative diuresis in excess of fluid intake may be seen. More unusual symptoms of fluid absorption have been reported including visual disturbances ranging from blurred vision and pupillary dilatation to transient blindness,18 and paraplegia in a patient with an undiagnosed metastatic epidural prostatic carcinoma. 19 In these last two cases, the symptoms were ascribed respectiveiy to cerebral and spinal cord oedema.
The absorption of large amounts of electrolyte-free irrigation solution results in increased intravascular volume, haemodilution, and hyponatraemia, leading to the development of left heart failure, pulmonary and cerebral oedema, and ultimately cardiovascular collapse. It has been suggested that the more rapid the fall in serum sodium, the more likely are toxic symptoms to develop. However, a drop of 20-30 mmolll or an absolute value of 120 mmolll indicates the likelihood of the reaction being severe. Serum osmolality probably changes less often than serum sodium concentration, and if significant changes are found, serious sequelae are more likely. For instance, in a series of 72 randomly selected patients, Desmond 5 found that 34 showed no significant change in serum sodium, a further 20 experienced changes of less than 10 mmolll, and 18 had decreases of between 12 and 54 mmolll. The only patients to develop symptoms or signs (in this case cerebral and pulmonary oedema) were two whose osmolality, as well as their serum sodium, fell. Hyponatraemia per se may produce electrocardiographic signs such as a wide QRS complex and T-inversion, later progressing to ventricular tachycardia and standstill. 20,21
Recent authors have suggested, however, that major changes in plasma glycine and serum sodium may occur independently, and that each anomaly may affect different organ systems. The overhydration syndrome has been ascribed to a combination of dilutional hyponatraemia due to intravascular absorption of glycine, to water intoxication resulting from absorption of irrigant into the abdominal cavity, and a direct central neurotoxic effect of glycine, functioning as an inhibitory eNS transmitter, whether or not gross alterations in serum sodium or osmolality have occurred. 22 Glycine is broken down in the liver by oxidative deamination into, inter alia, ammonia and oxalate, creating additional possibilities for toxicity. Indeed, one case was reported where recovery was delayed, and an ammonia level of 500 I-Imo 11 I (normal was measured, when glycine had been used. 23 However, in another documented instance of water intoxication, when plasma glycine was said to be 7070 I-Imolll (normal 162-335), and presumably ammonia levels were likewise extreme, only transient confusion occurred. This was at a time when blood pressure was unrecordable. 24 Other investigators have studied the occurrence of hyperoxaluria in association with glycine irrigation. 25 Three patients out of 34 studied developed hyperoxaluria and hyponatraemia after transurethral resection, and raised oxalate excretion continued for up to two weeks postoperativeiy, long enough for calcium oxalate deposition in the kidneys should low urine volumes have been allowed to occur. It was stressed that fluid intake should be maintained to guard against this possibility.
When the overhydration syndrome is suspected, immediate measurement of serum sodium and osmolality should be performed, although, as alluded to above, those who show isolated alterations in serum sodium levels may not develop serious sequelae. Patients falling into this category and who are otherwise well may diurese spontaneously and need no further treatment. 4.5,8,26 However, when the patient develops neurological signs suggestive of increased intracranial pressure, or signs of circulatory overload, prompt intervention is required. Attention should be directed towards reversing the flow of water into the cells, and correcting serum hypotonicity. 15, 16 This is best done with hypertonic saline, either 3070 (513 mmolll) or 5% (855 mmolll), in which case calculation of sodium requirement should be based on total body water, since the osmotic effects of hyponatraemia are distributed throughout total body water. Attempts at total correction to biochemical normality are not indicated -one should aim firstly at clinical improvement, and secondly at attaining a serum sodium of greater than 125 mmolll.
Hypertonic saline infusion is not without risk of fluid overload, especially in the elderly, therefore simultaneous use of intravenous frusemide to minimise any unnecessary ECF volume expansion and promote excess water excretion represents sound physiological practice. In the occasional patient, particularly if the cardiovascular state is poor, or when the clinical circumstances are not sufficiently severe to warrant hypertonic fluid administration, there exists a place for supplemental oxygen, restriction of intravenous fluids, and careful diuretic administration. It must be remembered that frusemide has the potential to increase sodium loss and to cause hypotension, both of which may necessitate intervention.
Monitoring the effects of therapy is important, and should be aimed at assessing clinical improvement, progress of patient biochemistry towards normal, and replacement of urinary electrolyte losses. Such monitoring should include central venous pressure measurement during infusion of hypertonic solutions.
It should be understood that avoidance of solute-free intravenous fluids perioperatively (e.g. 5OJo dextrose in water) will lessen the chance of iatrogenic hyponatraemia.
HAEMOLYSIS
When either distilled water, or other hypotonic fluids, including glycine, are used, the danger of haemolysis exists. Haemoglobinaemia, haemoglobinuria, and anaemia may develop.27 Under regional analgesia, weakness and tiredness, chills, clamminess, chest tightness, a rising blood pressure, and bradycardia may be seen. General anaesthesia can mask many of these.
Renal vasoconstriction may be produced by free haemoglobin, and other breakdown products,28 and acute tubular necrosis must be anticipated, especially if marked anaemia or circulatory compromise develop. The clinical picture may be difficult to differentiate from that of a transfusion reaction. The standard measures in treatment include promoting diuresis and correction of biochemical and haematological anomalies.
BLOOD Loss
Blood loss, particularly in prolonged procedures, is difficult to quantify. Visual estimation of haemorrhage may be difficult due to dilution of blood with irrigant solution, and the usual warning signs of tachycardia and hypotension may be overshadowed by the bradycardia and hypertension of the overhydration syndrome.
Various methods of attempting to quantify blood loss have been suggested, including radioactive labelling of red cells 11 or albumin,29,30 alterations in electrical conductivity of irrigant when blood or electrolytes are present,30 and colorimetric methods. Recent authors utilise the last of these. Briefly, the method involves collecting all the irrigating fluid used intra-operatively, collecting a representative sample after ensuring adequate mixing, and estimating haemoglobin content by photometry. Blood loss may be calculated from the following formula:
Blood Loss (ml) = haemoglobin in irrigating fluid (g/I) x amount of irrigation fluid (ml) -+haemoglobin in patient's blood (g/I)Y It should be added that complete haemolysis of the blood contained in the irrigation fluid is necessary, otherwise serious underestimation of blood loss can occur. 32 Circulatory overload, either due to absorption of irrigating fluid or to iatrogenic overinfusion of blood or other fluids, increases bleeding by raising venous pressure. Venous pressure may be raised by other means, including shivering, straining and coughing. The combination of vasodilatation induced by the spinal anaesthesia, dependent positioning of the operative area, and assumption of the lithotomy position, tends to favour pooling of blood and raised venous pressure in the pelvis and prostatic venous sinuses. 33 ,34 It should be noted that significant volumes of blood are contained in the extremities affected by a spinal block. Greene suggests 800 ml, or 16OJo of the blood volume, as a figure. 35 One could therefore expect considerable alterations in the distribution of blood to take place when the legs are raised or lowered. Although placing the Anaesthesia and Intens;ve Care, Vol. 15 patient into the classical or modified lithotomy position (the latter with the thighs at 45 ° to the horizontal as suggested by Blandy) may not produce circulatory alterations, at the conclusion of the case one should lower the legs gradually as vasoregulatory mechanisms may be depressed. 36 ,37 Also at this time, one should ensure adequate circulating blood volume.
There is still debate about whether one form of anaesthesia or another is preferable in terms of blood loss. Older studies subscribed to the view that blood loss was less in spinal analgesia because the systemic blood pressure was less. 38 Current opinion appears to be that if there is any difference in blood loss between general and regional anaesthesia, available statistical techniques are unable to demonstrate it. Whatever the anaesthetic, blood loss should lie within the range of 7 -20 ml per gram of resected tissue, 38-4O and that in about 80070 of resections, one or less units of blood are shed. Nevertheless, blood replacement must be meticulous, as this group of patients, with diminished cardiovascular reserve, impaired renal function, and variable degrees of preoperative dehydration, form a brittle group.
It is generally agreed that blood loss is directly related to the resection time and the weight of prostatic tissue resected,4O which may reflect operator status (consultant or trainee) and level of experience. Blood loss per minute of resection time consistently lies within the range of 2.6-4.6 m!. 41 The presence of infection, resulting from an indwelling urinary catheter, will cause local tissue congestion and hyperaemia, leading to increased bleeding. The patient admitted to hospital with acute urinary retention and treated with catheter drainage until surgery is likely to bleed more than the patient operated on electively.
It has been suggested that the use of irrigating solutions cooled to 2-6°C could reduce bleeding in transurethral surgery by the selective cooling of pelvic organs. 42 Excessive bleeding may result from activation of plasminogen by a local tissue activator, urokinase. 43 ,44 When urokinase, a euglobulin of the plasma protein fraction, is liberated from prostatic (or pancreatic) tissue, plasminogen is activated, becoming plasmin, and causing fibrinolysis. 28 In the case of regional analgeSia (less so in general anaesthesia), redistribution of body heat from deep to superficial tissues in the area of the block occurs. In addition, with regional blocks, the metabolic response to trauma is obtunded, as is the ability to shiver, in the area affected by the block. 47 Elderly patients have been shown to have a reduced thermoregulatory capacity.48 Use of cold intravenous fluids and cold irrigating fluids, exposure of the lower limbs, perineum, and lower trunk prior to draping, use of skin preparation solutions which cool the skin by evaporation, and placing the patient on a cold operating table in a cold, dry operating room, all predispose to excessive heat loss.
A recent study showed that temperature drops of up to 1 °C were not unusual, and shivering (which may increase oxygen consumption) can occur with much less marked reductions, or the order of 0.66-0.70 qc. 49 Appropriate measures to reduce heat loss may include warming the patient with reflective blankets, using heated glycine irrigating solution 49 and warm intravenous fluids. Warmed glycine does not increase blood loss and is satisfactory for the surgeon. Intravenous fluids exhibit better flow characteristics when warm than when cold.
PERFORA nON
Perforation may be either urethral, intraperitoneal, extraperitoneal or capsular with periprostatic extravasation. The cause may be instrumentation or overdistention of the bladder. In either event, the urologist may become aware of an unusual irrigating pattern and the patient may complain of abdominal pain. The pain may be generalised or suprapubic, and can radiate to the shoulder. In the case of spinal analgesia, provided that analgesia is below the T10 sensory level, capsular tears will cause suprapubic pain while more extensive extravasations will result in abdominal or shoulder-tip pain. Abdominal distension and rigidity may develop and be accompanied by autonomic signs such as pallor, nausea and vomiting and diaphoresis. Blood pressure may rise, with bradycardia, although with large extravasations, a shock-like picture can develop. In the presence of general anaesthesia, these signs may be difficult to interpret.
Treatment of established perforations depends on their site and extent. Localised extraperitoneal, periprostatic or urethral tears may be treated by urethral catheter drainage and appropriate antibiotic cover. Major perivesical extravasations or intraperitoneal involvement necessitate formal exploration, repair of the perforation and drainage of the perivesical space. A suprapubic catheter should be left in place, as well as the usual urinary catheter. About 1070 of transurethral resections may be complicated by a perforation.' BACTERAEMIA During transurethral instrumentation, bacteria from an infected urinary tract may enter the bloodstream. Features of bacteraemia are rigors, fever, and hypotension, which may be refractory. Where blood cultures are positive, organisms likely to be found are E. coli, Pseudomonas, Proteus and Aerobacter aerogenes. Klebsiella and Staphylococcus are also seen. 4 • 53 Supportive therapy and definitive antibiotics are required. Such supportive therapy should include maintenance of optimal oxygenation, correction of haematological, electrolyte and acid base abnormalities, assessment of the adequacy of circulating blood volume using central venous or pulmonary capillary wedge pressure measurements, and judicious fluid administration or inotropic support where required to return measured parameters towards normal. Since the institution of perioperative antibiotics, the incidence of infective events in the patient at risk has decreased. ERECTION Penile erection in association with transurethral instrumentation is infrequent, but can be distressing to the patient, frustrating for the surgeon, and difficult for the anaesthetist to treat. Several recent case reports attest to this fact. 54 This is not surprising, as the neurophysiology of erection is complex, being mediated not only by the pudendal nerves and sacral parasympathetics but also via the thoracolumbar sympathetic outflow. 55 Spinal analgesia historically has not been effective in preventing erection, the reasons given being either "autonomic imbalance", or premature local surgical stimulation prior to the development of adequate sensory analgesia. However, administration of the same anaesthetic on another occasion has been successful. Gale in 1972 56 suggested the use of ketamine, and it has proven effective mainly in children, but less so in adults, who of course are also more likely to experience hallucinations and other psychic side-effects. Topical application of local anaesthetics has been suggested, as has the administration of muscle relaxant drugs. Vasodilators, especially in the presence of regional block, are contraindicated, and vaso constrictors, to reduce blood flow to erectile tissues, have not been tried.
ADDUCTOR SPASM
From time to time, adductor contraction occurs during transurethral procedures, due to stimulation of the abturator nerve as it passes lateral to the bladder and bladder neck. This is particularly likely in patients with large, intra urethral adenomas or laterally placed vesical tumours. One possible result of adductor stimulation is bladder perforation and dissemination of tumour.
Since stimulation occurs distal to the regional block, either systemic curarisation or local nerve block is required. The former is undesirable, as it requires general anaesthesia, not the method of choice. Obturator nerve block, utilising the nerve stimulator, has been proposed as an alternative. 57
BURNS AND EXPLOSIONS
Transurethral resections are high-power procedures requiring 200 watts or more, with voltages of over 1000 volts. Therefore, both the surgeon and the patient are at risk of electrical problems: the patient may be burnt via the ground plate, and the surgeon via the resectoscope. It is necessary for the electrosurgical unit to be well maintained, for the ground plate and wires to be patent, and for appropriate conductive jelly to be used. Electrical accidents still occur, and it is only with vigilance that their number is reduced. ANAESTHESIA Spinal anaesthesia is the method of choice. Little anaesthetic is required, physiological disturbance is minimal, and post-lumbar puncture headache is unusual. Respiratory exchange is little affected. 63 Adequate preloading with fluid will prevent any untoward hypotension from sympathetic blockade. Recognition of complications of the surgery is not impaired and mortality and morbidity is low.
The innervation of the bladder and urethra is via the sympathetic and parasympathetic nervous systems. 64 -66 The sympathetic nervous system (TlO-L3) via the superior hypogastric plexus is motor to most of the bladder, including the internal sphincter, and sensory to the trigone. The parasympathetic nervous innervation via the pelvic splanchnics (S2-4) is motor to the sphincter urethrae and sensory to the glans penis, urethra and perineum.
Although one would therefore expect on anatomical grounds that anaesthesia from TIO to S4 to be required for transurethral resection, Evans,6O in a series of 350 cases, found this not to be necessary. In that study, patients with sacral spinal segments blocked solely, complete analgesia was only effected in 570/0 of these cases, while if the block reached the third lumbar level or above, 100% of cases had Anaesthesia and Intensive Care, Vol. 15 complete analgesia. It has been suggested that afferents from the prostatic capsule reach the spinal cord between Tll and L2 at the same segmental level as the afferents from the bladder, and it follows that if this sensory level is exceeded, signs of capsular perforation will be lost.
In summary then, lower spinal (SI-5) anaesthesia will not provide sufficient anaesthesia in the majority of patients, while mid-spinal (Tl 0-S5) anaesthesia will be effective in all cases, with the reservation that if capsular perforation is to be appreciated, the block should not reach TlO.
Any of the currently available local anaesthetic drugs is suitable, e.g. 10-14 ml of 1 % tetracaine in 10% dextrose, 1.5-2 ml of 0.5% cinchocaine in 6% dextrose, 1.5-2 ml of 5% lignocaine in 5% dextrose, 3-4 ml of isobaric 0.5% bupivacaine, or 2-4 ml of 0.5% bupivacaine in 8% dextrose.
Although there is little to choose between the above agents, local anaesthetic with a long duration of action may confer advantages such as a comfortable, pain-free recovery with decreased requirement for systemic analgesia,67 and the facility to allow re-operation, e.g. for clot retention or control of bleeding, without administration of a second anaesthetic. In this case, plain bupivacaine may be preferable.
The lumbar and caudal epidural approach has been used, but drug dosage is higher. Some authors have added narcotic analgesics to the regional block solution,61 but unacceptable respiratory depression is always a possibility.
If regional analgesia is contra-indicated, e.g. due to neurological disease, coagulopathy, or infection at the proposed puncture site, general anaesthesia may be administered, utilising spontaneous or controlled respiration. A relaxant technique may be preferable, as straining, leading to increased bleeding, and drug-induced respiratory depression with C02 retention, are largely avoided.
Whatever the anaesthetic chosen, attempts should be made preoperatively to correct nutritional deficiencies, dehydration, anaemia, and electrolyte imbalance. Any infection of the urogenital system should be treated, and cardiovascular and respiratory function optimised. Reversible conditions such as bronchospasm and fluid retention should be corrected. CONCLUSION Transurethral surgery is a common operation performed in an elderly population, many of whom have reduced cardiac or respiratory reserve. Complications are well known and eminently treatable, but may be fatal if either unexpected or unnoticed. Anaesthetic management should involve proper knowledge of expected complications, adequate preoperative preparation, the use of a technique that will not obscure complications and that produces minimal physiologic disturbance, and allows prompt treatment of adverse reactions, should they supervene.
